A conceptual design for a very low velocity (.007 < v/c < .07) superconducting heavy-ion linac is reviewed.
Introduction
The recently completed Argonne Tandem-Linac Accelerating System (ATLAS) accelerator consists of a 9 MV tandem electrostatic accelerator injecting a superconducting linac that has an effective accelerating voltage of approximately 40 MV. The tandem is a modified FN-model machine, using foil stripping in the high-voltage terminal. The linac consists of an array of 42 independently phased superconducting niobium resonant cavities of the split-ring type. 0 4
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Performance of the ATLAS system is limited by the characteristics of the tandem electrostatic injector in two significant ways: (a) beam currents are relatively low and (b) foil stripping and the small size of the tandem restricts useful ion species to the lighter half of the periodic table.
As was discussed in an earlier paper, I a costeffective way of overcoming these limitations seems to be to replace the FN tandem with a positive-ion source and a small superconducting linac.
Because the velocity of the ions involved is a factor of five lower than can be accelerated by present superconducting resonators, the proposed linac requires a substantial extension of existing superconducting RF technology.
In what follows, first the over-all conceptual design of the injector is briefly reviewed, an(d then the design and development of very-low-velocity superconducting resonators is discussed with emphasis on the technically difficult low end of the velocity range.
Some results of a beam-dynamics study are presented, and the status of a prototype superconducting resoniator is discussed.
Elements of the Injector Linac
The first element of the injector will be an electr2n-cyclotron resonance (ECR) positive-ion source mounted on a high voltage platform. Figure 2 .
Energy gain as a function of particle velocity for four types of 48.5 MHz superconducting resonators which could form an injector linac.
An accelerating gradient of 3 MV/m is assumed.
the accelerating gradient and require half as many resonant cavities as the former. Resonator, cryostat, and control electronics costs for a linac will all scale with the number of resonators. Thus, the small added cost of a forked drift tube will be repaid many times by the reduced number of resonators.
For the proposed injector linac, a 28 resonator linac would accelerate uranium beams sufficiently to inject into ATLAS.
Only ten resonant cavities would be sufficient for mass numbers below 120.
A Very Low Velocity Accelerating Structure
Development work has been started with the forked drift tube, 4-gap resonant cavity, since the greatest technical dif ficulties, particularly that of mechanical stability, occur at the lowest velocities.
Virtually all of the superconducting accelerating structures currently used for the acceleration of heavy ions consist of various forms and combinations of a quarter-wave resonant transmission line termninated in the capacitive load of a drift tube which shapes the electromagnetic field near the beam axis. We propose to use this class of resonator for the proposed injector linac, but must match the resonators to particle velocities a factor of six lower than has been so far achieved.
This requires either that we go to a lower frequency by lengthening the transmission line or that we reduce the beam-axis wavelength by foreshortening the drift tubes, or that we do both.
Either choice conflicts with other crucial design requirements.
Foreshortening the drift tubes increases both off-axis variations of the accelerating field and also radial defocussing effects. Also, as a drift tube is shortened, the aperture must be reduced or the efficiency of the drift tube in coupling to the beam is decreased. Construction of a prototype niobium superconducting resoniator has been initiated and is, at this writing, approximately 80% complete.
The outer housing of the resonator and the counter drift tube are constructed of explosivelybonded niobium-copper composite which provides good thermal stability together with high mechanical strength.
The outer housing of the prototype resonator has been explosively bonded directly in cylindrical form, eliminating a di ficult seam weld, and reducing construction costs.
The 8 inch ID tube used for the F resonator will also serve as the outer housing for the next two of the three remaining resoniator types required by the injector. Figure 4B shows the time-energy spread induced in a bunch with the above transverse properties, but zero inttial time-energy spread, by off-axis variations of the accelerating field.
The induced spread of .05 KeV-nsec is extremely small and shows clearly that finite-aperture effects in the low-velocity resonator will not be a practical limit on beam quality. Figure 4C shows the longitudinal phase-space for a bunch with the above transverse properties and an initial time energy spread that assumes that a time width of 150 picoseconds and a time-energy spread of 4 KeV-nsec carn be achieved from the source.
The additional time-energy spread acquired in traversing this first resonator is less than 0.5 KeV-nsec, and is expected to be even less for subsequent resonators.
Results such as the above indicate that the linac will be intrinsically capable of very high beam quality, and the actual limits are likely to be set by extraction, bunching, and analyzing systems. The anticipated total time energy spreads of a few KeVnsec for the case presented compares very favorably with the 50 KeV-nsec that would be typical of a high quality tandem-produced beams.
